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BENCHMARKING EMERGING PIPELINE 
INSPECTION TECHNOLOGIES 

 
This report provides the supporting documentation for the Contracting Officer Technical 
Representative (COTR) to assess the data obtained by pipeline inspection technology developers 
participating in an internal inspection demonstration held at Battelle’s Pipeline Simulation 
Facility during the second week of September 2004.  This report is divided into four main 
sections that document the pipe defect types, sizes, and locations inspected during the 
demonstration program.  Section 1 provides a brief background of the internal inspection 
demonstration program and facilities used.  Section 2 provides detailed information on both the 
manufactured corrosion defect set and the natural corrosion defect set used to benchmark some 
of the technologies.  Section 3 provides detailed information for the mechanical damage defect 
sets and Section 4 provides detailed information for the Stress Corrosion Cracking (SCC) defect 
set also used to benchmark the various inspection tools. 

SECTION 1.  BACKGROUND 

INTRODUCTION 
DOE NETL and DOT RSPA are charged with improving natural gas delivery reliability by 
establishing a viable technology foundation for the natural gas transportation and delivery 
network.  This objective is being achieved by developing technologies that enhance the integrity, 
operational reliability, safety and security of the nation’s natural gas infrastructure.  NETL and 
RSPA are collaborating with National Laboratories and the private sector in developing new 
inspection technologies.  The combined research portfolio includes projects that address 
corrosion, stress corrosion cracking and mechanical damage.   
 
Battelle, in association with NETL and RSPA have devised a program that will allow each 
developer to benchmark their sensor technology during a one-week pipeline inspection 
demonstration at Battelle’s Pipeline Simulation Facility (PSF) in Columbus, Ohio.  Battelle’s 
PSF has unique facilities and pipes with representative defects that are ideal for use in the 
technology demonstration program.  The defect sets include natural and artificial defects with a 
wide range of types and sizes in pipe segments of various wall thickness and diameters. 
 
This demonstration was conducted the week of September 13th, 2004 and attended by the 
participants listed in Table 1-1.   
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Table 1-1.  Participants in the Internal Inspection Demonstration 
 
Company Technology Tool Diameter Defects Examined 
Battelle Moving permanent 

magnet eddy current 
12 inch Corrosion 

Battelle Dual magnetization 
MFL 

24 inch Mechanical Damage 

Gas Technology 
Institute (GTI) 

Small diameter exciter 
remote field eddy 
current 

12 inch Corrosion 

Los Alamos National 
Laboratory (LANL) 

Deformation sensor 24 inch Mechanical Damage 

Oak Ridge National 
Laboratory (ORNL) 

Circumferential 
EMAT 

30 inch SCC 

Pacific Northwest 
National Laboratory 
(PNNL) 

EMAT strain 
measurement tool 

24 inch Mechanical Damage 

Southwest Research 
Institute (SwRI) 

Collapsible coil 
remote field eddy 
current 

12 inch Corrosion 

TeleTest Guided wave 12 inch Corrosion 
 
Prior to the demonstration, each participant had been contacted directly to discuss the objectives 
of their sensor development programs and the constraints of current implementation. This 
information was taken into consideration when developing the demonstration program and 
associated documentation.   

PIPELINE SIMULATION FACILITY 
The Pipeline Simulation Facility was designed and built to conduct research and to develop and 
commercialize pipeline technologies. Its primary focus is in-line inspection technologies. The 
facility can be used for a wide range of inspection-related studies, from detailed analyses of 
defects in flat plates under idealized conditions to tests on the same defect geometries in a 
pressurized line operating under flowing conditions. Collectively, the Pipeline Simulation 
Facility offers a hierarchy of capabilities for developing and proving technologies.  

Flow Loop 

The flow loop is the largest and most significant part of the Pipeline Simulation Facility. The 
loop is a simulated operating pipeline in which research, development, and demonstrations can 
be conducted under realistic conditions. For inspection related developments, tests can be made 
using test bed vehicles or in-line inspection tools. The loop is approximately 4,700 feet long and 
24 inches in diameter, and it allows both pressure and flow velocity to be controlled. It contains a 
number of typical pipeline features, such as bends, road crossings, underwater sections, and 



 

anchors. It can be used to complete the development of pipeline technologies and test the 
technologies without risking the integrity or throughput of an operating pipeline.  
 

 
Figure 1-1.  PSF Flow Loop 

Pull Rig 

The pull rig is used for tests of complete inspection systems under unpressurized conditions. It 
consists of four 300-foot long pipe runs with diameters of 12, 24, 30, and 36 inches. In-line 
inspection tools and test bed vehicles can be pulled through the pipe sections using the rig's 
winch. Depending on the tool, pull forces up to 56,000 pounds and speeds up to 25 mph can be 
achieved. 
 

 
Figure 1-2.  PSF Pull Rig 
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Sensor Development Sled 

The sensor development sled is a moveable platform on which sensors and partial magnetizing or 
inspection assemblies can be installed and pulled along pipe segments at accurate velocities up to 
10 mph. The sensor development sled can be used to measure the effects of velocity and sensor 
position on defect-to-signal relationships, and it can support virtually any nondestructive 
evaluation sensor technology.  
 

 
Figure 1-3.  Sensor Development Sled 

Test Bed Vehicle 

The test bed vehicles are generic in-line inspection platforms upon which inspection hardware 
can be mounted and tested. Two test bed vehicles are available: the magnetic flux leakage (MFL) 
vehicle, which is specialized for MFL technology, and the advanced sensor vehicle, which is 
specialized for high data-rate inspection technologies. 
 

 
Figure 1-4.  Test Bed Vehicle 
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Defect Sets 

A number of existing defect sets are available for evaluation at the Pipeline Simulation Facility. 
These defect sets provide a common basis for correlating results from each facility component, 
thereby helping to ensure that the conclusions drawn are valid over a wide range of conditions. 
Removable metal-loss and mechanical damage defect sets are available for use in 24-inch pipe in 
the pull rig and flow loop. Similar defects are available in pipe segments for the sensor 
development sled.  Natural corrosion samples are available in 12 and 24 inch diameter pipe. A 
stress-corrosion cracking defect set is available for the 30-inch pipe in the pull rig, and a section 
of 26-inch pipe that has been re-rounded to 24-inch diameter is also available for the pull rig. A 
set of weld-solidification cracks, and a matching set of notches made using electron discharge 
machining, are available for the flow loop.  Additionally, for development of third party damage 
inspection tools, over 200 dents and gouges are available in 24 inch diameter pipe. 

INTERNAL INSPECTION DEMONSTRATION CONFIGURATION  
The configuration used to benchmark the emerging technologies consisted of the following pipe 
samples: 

• One 12 inch seamless pipe sample with natural corrosion defects measuring 48 feet 2 
inches in length with wall thickness ranging from 0.31 to 0.38 inches. 

• One 12 inch seam welded pipe sample with manufactured corrosion defects measuring 32 
feet in length with a wall thickness of approximately 0.358 inches. 

• One 24 inch pipe sample with mechanical damage defects measuring 41.5 feet in length 
with wall thickness ranging from 0.266 inches to 0.292 inches (comprised of two separate 
pipe samples welded together). 

• One 24 inch pipe sample with plain dent defects measuring approximately 40 feet in 
length with a wall thickness of 0.280 inches. 

• One 30 inch pipe sample containing natural stress corrosion cracks (SCC) measuring 
approximately 20 feet 4 inches in length with a wall thickness of 0.343 inches 

 
Each pipe configuration has the same defect characteristic philosophy; the detection and sizing 
of the defects range from simple to difficult.  This helps to define both the current capability and 
future challenges for each of the inspection technologies. 
 
At the current state of development, none of the technologies were ready for full pull rig testing.  
Rather, the pipe samples were placed within the pipeline testing lab, which is a 40 foot by 100 
foot building with overhead doors.  The two 12 inch diameter pipes, two 24 inch diameter pipes, 
and one 30 inch diameter pipe were placed parallel to each other with a separation distance 
between each pipe of approximately 4 feet.  The exact layout of the pipe samples is shown in 
Figure 1-5.   



 

 
Figure 1-5.  Layout of Building JS-5 
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In developing the internal inspection benchmarking program, the procedures were tailored to the 
needs of the specific inspection technologies.  A general outline of the demonstration program is 
as follows: 

1. The following items could be attached to the sensor carriage as requested by the 
sensor developer: 
a. A 100 foot tape measure at the center of the sensor to measure defect position; 

and 
b. A 115 Volt AC power cord.  

2. Each inspection tool was pulled through the test pipes with a light duty winch. 
3. In the relevant pipe samples, one to three pull through tests were performed for a 

specific sensor developer.   
4. After the third pull, the winch was configured for the next sensor developer desiring a 

pull test. 
5. After each technology developer had the opportunity to acquire data, the developers 

were allowed repeat runs to collect additional data following the same order. 
6. The facility was open for use from Monday, September 13 to Friday, September 17, 

2004 from 8 am to 5 pm.  After hours access was limited because of safety and 
security rules. 

7. The results obtained by each participant are to be submitted to NETL representatives 
for review and assessment of capability.    

 
Battelle established a list of specific distances and positions along the pipe on which each 
participant was to report.  The locations may or may not have had defects, enabling detection 
capability and false call rates to be assessed.  Each technology is at a different level of maturity, 
and therefore this must be considered when evaluating results.  While a more mature technology 
may provide better performance in this assessment, over time a less mature technology may be 
better suited for the needs of the pipeline industry. 

REPORTING   
Prior to the demonstration, Battelle selected specific axial locations on which the developers 
were to report their inspection results.  This information was given to each developer for review 
and comment approximately two weeks prior to the start of the demonstration.  Following the 
demonstration, each participant subsequently reported to their COTR where defects were 
detected and included any sizing or assessment information in their documentation.  The COTR 
is to subsequently perform the comparison of inspection results to the defects documented in this 
report. 
 
The information provided in Sections 2, 3, and 4 of this report consist of: 
• UCorrosion DefectsU:  Section 2 documents the maximum depth and surface extent for each 

manufactured corrosion defect.  For natural corrosion defects comprised of more than one 
pit, multiple maximum depths are reported.  

• UDents and Gouges U:  Section 3 provides the depth of each dent at the center to an accuracy of 
+/- 0.020 inches and the axial length as determined by a 0.020 inch departure from a straight 
edge placed on top of the dent. 
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• UDents U:  Section 3 provides the dent depth and relative severity based on dent fabrication 
loads and denting tool geometry.  Dent severity is the most subjective to assessment. 

• USCCU:  Section 4 provides a magnetic particle map showing the location and length of natural 
SCC.   

SUMMARY 
The Pipeline Simulation Facility has unique facilities and pipes with representative defects to 
assess the capabilities of a number of inspection technologies.  This benchmarking 
demonstration of emerging pipeline inspection technologies should help to define progress and 
future direction for research and development efforts. 
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SECTION 2.  CORROSION INSPECTION 
TECHNOLOGY ASSESSMENT 

INTRODUCTION 
The current focus of corrosion inspection projects is to develop technologies that can work in 
unpiggable pipelines.  These lines typically have bore restrictions, low pressure or other 
conditions that make pigging with existing technologies impractical.  These new inspection 
techniques will eventually be mounted on crawlers being developed under separate programs.  
These crawlers will act as the propulsion units to escort the new sensor technologies through the 
pipeline.  While each technology will have the potential to work in an unpiggable pipeline, the 
current development is focused only on detecting and sizing corrosion defects.  Therefore, the 
capability of passing bore restrictions was not evaluated at this time. 
 
Each corrosion inspection technology uses electromagnetic energy to interrogate the pipeline for 
defects.  A common requirement for three of the four technologies is that  

• a full circumference pipe is needed; the technology will not work on coupons cut from 
pipe, 

• the sending and receiving units need to be separated by 2 to 3 pipe diameters, and 
• the defects must be at least four pipe diameters from an open end to avoid end effects that 

may influence results (end effects are not a problem in actual pipelines). 
 
These technologies are an adaptation of boiler tube inspection technology and more applicable to 
smaller diameter pipelines.  These technologies can be scaled up to diameters more common in 
distribution mains that operate at pressures that would mandate inspection.  The pipe fabrication 
process is an important variable that affects inspection and was considered when selecting the 
pipe samples.  Pipe in diameters 26 inches and less can be categorized into two basic types, 
seam-welded and seamless.  Seam-welded pipe starts with flat plate which is formed into a 
cylindrical geometry.  The edges are joined by welding processes that include electric resistance 
weld (ERW) and arc welding.  Seamless pipe starts with round bar stock; a piercing tool is used 
to form the pipe.  Welded seam pipe formed from plate stock has a uniform wall thickness, with 
the wall thickness tolerance typically ranging from 0 to 5 percent greater than the specified wall 
thickness.  Seamless pipe can have wall thickness variations of greater than +/-10 percent of 
nominal.  These variations in wall thickness, while acceptable as long as the minimum wall 
thickness is achieved, can complicate detection and sizing of corrosion.   The advantage of 
seamless pipe is that there is no seam weld; certain weld processes can have defects that affect 
integrity and may require detection using inspection methods. 
 
Battelle’s Pipeline Simulation Facility has a 12 inch diameter seamless pipe sample with large 
natural corrosion defects.  Additionally, Battelle has recently acquired a section of seam-welded 
pipe in which a number of machined corrosion defects were placed.  The report sections below 
discuss the demonstration plan for the corrosion inspection tools and provides an “answer key” 
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(Table 2-1) for the data sheets filled out by the corrosion inspection tool developers during the 
demonstration.  Additional information and photographs are provided in Figures 2-1 through 2-5 
describing the maximum depths, surface extent, and locations for all of the corrosion defects.   

12-INCH CORROSION DEFECT DEMONSTRATION PLAN   
The demonstration plan for the 12-inch corrosion defect test configuration is as follows: 

1. The technologies benchmarked included: 
1.1. SwRI: Collapsible coil remote field eddy current 
1.2. GTI: Small diameter exciter remote field eddy current 
1.3. Battelle: Moving permanent magnet eddy current 

2. Total length of the pipe samples will be 40-80 (TBD*) feet 

3. The pipe will be 12-inch inside diameter 

4. The demonstration samples will be comprised of two pipes: 

4.1. Pipe 1 specifications are as follows: 
4.1.1.  The length will be up to 60 (TBD) feet long, seamless construction. 
4.1.2.  The nominal wall thickness will be 0.325 inches; the natural variations of 

seamless pipe will exist. 
4.1.3.  The pipe will have natural corrosion defects. 
4.1.4.  The pipe will also have 3-5 machined metal loss defects.  

4.1.4.1. The defects will have the following dimensions: 
4.1.4.1.1. Length (in): >= 1 inch and <= 3 inches 
4.1.4.1.2. Width (in): >= 1 inch and <= 3 inches 
4.1.4.1.3. Depth (% wall thickness): >= 20% and <=80% 

4.1.4.2. Up to 2 more will be defined at installation. 
4.1.5.  The machined defects will be aligned in a single row. 

4.2. Pipe 2 specifications are as follows: 
4.2.1.  The length will be up to 40 feet (TBD). 
4.2.2.  The nominal wall thickness will be 0.375 (TBD) inches. 
4.2.3.  The pipe will have up to 10 machined metal loss defects. 

4.2.3.1. The defects will have the following dimensions: 
4.2.3.1.1. Length (in): >= 1 inch and <= 3 inches 
4.2.3.1.2. Width (in): >= 1 inch and <= 3 inches 
4.2.3.1.3. Depth (% wall thickness): >= 20% and <=80% 

4.2.3.2. Up to 3 more multiple pits will be defined at installation. 
4.2.3.3. The separation between defects (or defect clusters) will be nominally 3 pipe 

diameters. 

 
* To be determined.  When used after a number, the value can vary 25 percent. 



 

12 inch Corrosion Assessment Data    

 
Table 2-1. 12 inch Corrosion Inspection Technology Data Sheet “Answer Key” 
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Table 2-1 (cont). 12 inch Corrosion Inspection Technology Data Sheet “Answer Key” 
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Table 2-1 (cont). 12 inch Corrosion Inspection Technology Data Sheet “Answer Key” 

 13



 

12 INCH NATURAL CORROSION PIPE SAMPLE DOCUMENTATION 

Figure 2-1. 12-inch Natural Corrosion Pipe Sample Defect Map 
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Figure 2-2. 12 inch Natural Corrosion Pipe Sample Defect Parameters 0 ft to 14 ft 10 in 
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Figure 2-3. 12 inch Natural Corrosion Pipe Sample Defect Parameters 14 ft 10 in to 27 ft 8 in 
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Figure 2-4. 12 inch Natural Corrosion Pipe Sample Defect Parameters 27 ft 8 in to 40 ft 2 in 
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Figure 2-5. 12 inch Natural Corrosion Pipe Sample Defect Parameters 40 ft 2 in to 48 ft 2 in 
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12 INCH MANUFACTURED CORROSION PIPE SAMPLE DOCUMENTATION 

Figure 2-6. 12 inch Manufactured Corrosion Pipe Sample Defect Map 
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Manufactured Metal Loss Defect Photos 

 
Figure 2-7. Calibrati efect MC01 

Figure 2-8. Defect MC02 

on D
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Figure 2-9. Defect MC05 

Figure 2-10. Defect MC07 
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Figure 2-11. Defect MC09 

Figure 2-12. Defect MC12 
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Figure 2-13. Defect MC15 

Figure 2-14. Defect MC17 

 

 



 

Figure 2-15. Defect MC19 

Figure 2-16. Calibration Groove 1 
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Figure 2-17. Calibration Groove 2 

 
Figure 2-18. Tools Used to Machine Metal Loss Defects
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SECTION 3. MECHANICAL DAMAGE 
INSPECTION TECHNOLOGY ASSESSMENT 

INTRODUCTION 
The current NETL and RSPA developments for mechanical dama

eter.  However, prior DOT RSPA projects invo
eter pipe.  Therefore when selecting the specime

ge defect set the use of the existing 24 inch diam
practical.  An additional advantage of using the existing 24 inch defect se
already been inspected using MFL technology under a DOT contract.  As such, m

 these defects can be made available upon request. 

One of the technology developers has requested only sm
rface.  Another is only examining internal surface geom

ooth dent requirement; however another defect set with m
onstration to assess the future potential of each technology.  For 
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ge inspection technologies are 
not restrictive of pipe diam lved fabricating defect 
sets in 24 inch diam ns and data for the 
mechanical dama eter pipe samples was the most 

ts is that they have 
agnetic flux 

leakage signals from
 

ooth dents without gouges on the 
external su etry.  One pipe sample exists 
that meets the sm inimal gouging is also 
included in the dem
completeness, this second pipe sample is configured in a pipe with previously manufactured 
dents and gouges.   
 

age 
data sheets given to 

mum dent 

24- PLAN   

 
1. 

1.1. 
1.2. 
1.3. 

2. 
3. The pipe w

4. A rail or guide wire will be available for installation on the inside the pipe at the bottom to 
minimize rotation, as needed by sensor developers 

The following report sections discuss the demonstration plan for the mechanical dam
inspection tools and provides an “answer key” (Tables 3-1 and 3-2) for the 
the developers during the demonstration.  It should be noted that two distinct data sheets had to 
be created for the mechanical damage benchmarking due to the differences in how PNNL 
records their data for smooth dents.  Additional information and photographs are provided in 
Figures 3-1 through 3-29 describing how the dents were manufactured, the maxi
depths, dent lengths, and locations for all of the mechanical damage defects.    

INCH MECHANICAL DAMAGE DEMONSTRATION 

The test plan for the 24-inch dent and third party damage defect test configuration is as follows: 

The technologies to be benchmarked will include: 
PNNL: Strain measurement tool 
LANL: Deformation sensor 
Battelle: Dual magnetization MFL 

Total length of the pipe sample will be 120 (TBD) feet 

ill be 24-inch outside diameter 
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5. The test sample will be comprised of two pipes: 
5.1. Pipe 1 specifications are as follows: 

5.1.

5.1.4.  Up to 3 dents will be available for calibration, the rest will be blind 
5.2. Pipe 2 specifications are as follows  

5.2.1.  The length will be up
5.2.2.  The nominal wall thickn

1.  The length will be up to 40 (TBD) feet seam welded pipe 
5.1.2.  The nominal wall thickness will be 0.280 inches 
5.1.3.  The pipe will contain between 10 to 15 smooth dents without gouges 

 to 80 feet (TBD)  
ess will be 0.325 (TBD) inches 

5.2.3.  The pipe will contain multiple dents with some gouges in 3 to rows. 
 



 

LOS ALAMOS 24 INCH MECHANICAL DAMAGE ASSESSMENT DATA   

Table 3-1. LANL 24 inch Mechanical Damage Inspection Technology Data Sheet “Answer Key” 
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 Table 3-1 (cont). LANL 24 inch Mechanical Damage Inspection Technology Data Sheet “Answer Key” 
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PNNL 24 INCH MECHANICAL DAMAGE ASSESSMENT DATA  

  
Table 3-2. PNNL 24 inch Mechanical Damage Inspection Technology Data Sheet “Answer Key” 



 

 32

 
 Table 3-2 (cont). PNNL 24 inch Mechanical Damage Inspection Technology Data Sheet “Answer Key” 
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MECHANICAL DAMAGE DEFECTS – PIPE SAMPLE 1 
The defects in mechanical 
damage Pipe Sample 1 were 
installed using the dent & gouge 

ure 3-1.  
achine is designed to move 
age tool (indenter) into or 

age tool is in the center 
ediately 

ter into the pipe.  A 
ator applies radial 

ression, and a horizontal 

fects, the radial and axial movements of the indenter are effected 
rst moved into the pipe, creating a dent.  Then, the indenter is 

h.  Finally, the indenter is retracted. 

 difficulties were encountered when installing the defects, which caused the defects made 
 to be less repeatable than those made later.  Pipe movement along the axis 

achine reduced the defect length relative to the target length.  Riding up of the indenter 
 These effects can generally be seen in the 

ng tools were used to 
echanical damage defects, as 

ge with a target 

Measurements indicate that the target dent 
depth (in percent of the diameter) was 
repeatable using this tool, but the actual 
gouge depth was highly variable and not well 
correlated with the target depth.  Other defect 
parameters include length (in inches) and 
pressure at installation (in percent specified minimum yield stress). 

machine featured in Fig
The m
a dam
along the pipe wall.  In Figure 2-
1, the dam
of the photograph, imm
above the pipe.  The m
two hydraulic actuators to press 
the inden
vertical actu
comp
actuator pushes the tool along the 
pipe axis.   
 
During installation of de
independently.  The indenter is fi
moved along the pipe at a constant dent dept
 
Some
early in the program
of the m
over the pipe wall thickness affected gouge depth. 
defect photos. 

Indenters  

Several different indenti
create the m
shown in Figure 3-2.  In all cases, the 
protruding tooth was 1-inch wide and was 
extended to create a gou
depth (in percent wall thickness).  

achine has 

Figure 3-2.  Spherical Denting Tool 

Figure 3-1.  Dent and Gouge Machine 
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Figure 3-3.  Defects Created with Spherical 
Indenter

Typical Defects 

Shown in Figure 3-3 are four defects 
made with the spherical indenter.  
Several features should be noted.  
First, the contact area between the 
ball and the pipe can be large, often 
extending several inches on either 
side of the gouge.  Second, the 
socket for the indenter produced a 
circular mark on the pipe at the start 
of each defect (this is most clearly 
seen in the upper left defect).  Third, 
there is some asymmetry to the 
defects, with the protruding tooth 
grabbing more on one side than on 
the other.  Finally, there is evidence 
of slip-stick, which is discussed later.  

Defect Set Layout 

The defect set was assembled from two individual pieces of pipe containing defects at severa
locations, as shown in Figure 3-4.  The overall length of the section is approximately 40 fe
Description and properties of the various sections, where known, are given in Table 3-3. 

 

l 
  et.

Figure 3-4.  Defects Created with Spherical Indenter 
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Section 
Start 
(ft) 

Finish 
(ft) Grade Thickness Comments 

1 led at 
no pressure 

0 9.54 X70 0.300 7 defects; mostly dents; some instal

2 9.54 19.17 X60 0.300 7 defects; mostly dents; some installed at 
no pressure 

3 19.17 22.58 NA NA Pup piece 
4 22.58 26.04 NA NA Pup piece 
5 26.04 43.92 X52 0.292 10 defects; dents, gouges, and dents with 

gouges; installed under pressure 
6 43.92 64.63 X42 0.266 14 defects; dents, gouges, and dents with 

gouges; installed under pressure 
7 64.63 71.21 X70 0.344 9 defects; dents, gouges, and dents with 

gouges; some installed at no pressure 
8 71.21 77.48   5 defects 
9 77.48 79.94 NA NA Pup piece 

Table 3-3.  
 
The target dimensions of the defec
depth during

24 inch Mechanical Damage Pipe Properties 

ts are show  dent 
 installation in percent of the defect.  "Length" is the length of the gouge in inches.  

n in Table 3-4.  "Depth" is the maximum

"Pressure" is the internal pipe pressure in percent of specified minimum yield strength.  "Defect 
#" is an arbitrary number identifying each defect.  
  

Defect # 
Dent Depth  

(% diameter) 
Length 
(inches) 

Gouge Depth (% 
thickness) Pressure (% SMYS)

33 6 0.25 10 60 
36 0 6 5 60 
39 6 2 R5 60 
42 3 2 0 60 
45 3 6 R5 60 
48 3 0.25 25 60 
35 6 6 10 60 
44 6 2 10 60 

Q5 (34) 3 0.25 5 60 
Q4 (37) 3 2 R5 60 
Q3 (40) 3 6 5 60 
Q2 (43) 0 2 5 60 
Q1 (46) 6 0.25 25 60 

15 3 0 0 60 
12 6 6 R10 60 
9 0 0.25 5 60 
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Defect # 
Dent Depth  

(% diameter) 
Length 
(inches) 

Gouge Depth (% 
thickness) Pressure (% SMYS)

6 6 2 0 60 
3 3 2 25 60 
8 6 2 25 60 
2 6 6 0 60 

Calibration 
Dent Q03 

(13) 
6 0 0 60 

Calibration 
Dent Q02 

(10) 
3 2 5 60 

Calibration 
Dent Q01 (7) 6 6 R5 60 

4 3 2 10 60 
1 0 6 5 60 

Table 3-4.  Target Dimensions of Defects  
 
Legend: 
 UDefect # U is an arbitrary number identifying each defect  
 UDepthU is the dent depth in percent of the diameter.   
 ULengthU is the total length of the gouge in inches.   
 UGouge DepthU is the target depth of the gouge; where an “R” precedes the number, the indentor tooth was 

rounded.  
 UPressureU is the internal pipe pressure in percent of specified minimum yield strength.   
 Test Defects 
 Calibration Defects 
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Figure 3-5.  24 inch Mechanical Dama mple 1 D aefect M pge Pipe Sa
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Mechanical Damage Pipe Sample 1 Defect Photos 

 

 

Figure 3-7. Deformation Data for Defect Q1 (46) 
 

Figure 3-6. Defect Q1 (46) 



 

  
Figure 3-8. Defect Q2 (43) 

Figure 3-9. Deformation Data for Defect Q2 (43)
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Figure 3-10. Defect Q3 (40) 

Figure 3-11. Deformation Data for Defect Q3 (40) 
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Figure 3-12. Defect Q4 (37) 

 
Figure 3-13. Deformation Data for Defect Q4 (37)
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Figure 3-14. Defect Q5 (34) 

Figure 3-15. Deformation Data for Defect Q5 (34) 
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Figur 1 (7) 
 

Figure 3-17 1 (7)

e 3-16. Calibration Defect Q0

. Deformation Data for Calibration Defect Q0



 

  
Figure 3-18. Calibration Defect Q02 (10) 

 

Figure 3-19. Deformation Data for Calibration Defect Q02 (10) 
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Figure 3-20. Calibration Defect Q03 (13) 
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MECHANICAL DAMAGE DEFECTS – PIPE SAMPLE 2 
Plain dents represent the other fundamental part of mechanical damage where the natural 
cylindrical shape of the pipe is distorted.  The dents in mechanical damage Pipe Sample 2 were 
made without gouging, so that the response of inspection systems to dents could be examined 
without compensation for the geometry changes, such as removed metal, and stresses caused by 
the gouge process.   
  
This section describes the methods and equipment used to fabricate the dent-only defects.  The 
description is followed by detailed information of each dent and photographs.  

Test Configuration 

The procedure for the incremental denting and data collection was a follows: 
 

1. Pressurize the 24-in , or about 40 percent of 
specified minimum

2. d (about 

3.

4.
5.
6.
7.
8.

 

access

The apparatus 21.  The 
operation of the equipm ple 
and a stiff reaction frame.  The reaction frame was a previously used I-beam with the web 
reinforced to minimize deformation during the application of the denting load.  A 1-inch thick 
plate was welded to the beam for support of the hydraulic cylinder.  The weakest component of 

ch diameter, 0.280-inch wall pipe to 600 psi
 yield stress (SMYS) f the this X60 pipe o

 Acquire baseline MFL data prior to denting, but with denting apparatus positione
one percent of maximum dent load was applied to hold reaction frame in place) 

 Apply hydraulic pressure to indent the pipe in increments of 0.5 percent of the pipe 
diameter (0.120 inches) 

 Acquire axial MFL data with the indenter in place to keep the dent from rebounding 
 Repeat steps 3 and 4 until a maximum dent depth of 2 percent is a attained 
 Allow the dent to rebound  0.5 percent of the pipe diameter, matching the indenting steps 
 Acquire MFL with the indenter in place to keep the dent from further rebounding 
 Repeat steps 6 and 7 until the denting load is zero indicating the dent has finished 

rebounding. 

The equipment for the experiments is described in the three subsections that follow.  The first 
subsection describes a denting apparatus with a hydraulic actuator and reaction frame.  The 
second subsection describes the flanged pipe sample with components that enable a MFL 
inspection pig to be launched, pulled back and forth during the dent forming process, and 

ed between inspections.  The third subsection describes the axial MFL inspection pig as 
modified for data collection. 

Denting Apparatus 

used to dent the pipe in a controlled manner is illustrated in Figure 3-
ent is simple.  A hydraulic cylinder is extended between a pipe sam
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the apparatus is the pipe wall that is in contact with the indenter.  As the hydraulic load increases, 
the pipe deforms.   
 
To determine the amount of deformation, two measurements are made by linear cable extension 
transducers, commonly referred to as “string pots.”  The first string pot measures the extension 
of indenting tool.  The second string pot measures the separation between the pipe and the 
reaction frame, which increases during the formation of the dents since the many components 
elastically bend and extend.  The depth of the dent is established by the difference between the  
 

 
Figure 3-21.  Denting apparatus configuration including reaction frame, hydraulic 

actuator displacement transducers, pipe sample and load reaction chains. 
 

two measurements.  The dents were formed by slowly increasing the pressure until depth was 
attained.  The denting process took between 2 and 3 minutes.  Since the pipe was pressured to 
600 psi, the pump was located 150 feet from the actuator for safety concerns. 

I-beam with reinforced web

0.281 wall X60 Pipe 

Pipe displacement
(string pot)

Tool displacement
(string pot)

Hydraulic Ram
10,000 psi Rating

Indenting tool
6-inch shaft

Reaction
Chain

I-beam with reinforced web

0.281 wall X60 Pipe 

Pipe displacement
(string pot)

Tool displacement
(string pot)

Hydraulic Ram
10,000 psi Rating

Indenting tool
6-inch shaft

Reaction
Chain

Reaction
Chain
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Pressurized Pull Rig 

To evaluate leakage signals from dents as they form and rebound under internal pressure, a 
method was established to acquire flux leakage at multiple pressures repeatedly at multiple 
magnetization levels.  The experimental configuration, shown in Figure 3-22, is essentially a 
pressurized version of a pull rig.  The components include: 
 

• A new pipe sample configured with flanges on either end. This was a 0.281-inch wall 
thickness, 24-inch diameter, 60 ksi yield pipe. 

• A pig launching barrel for insertion of the circumferential magnetizer and data recorder.  
This was a 0.5-inch wall thickness, 24-inch diameter, 60 ksi yield pipe from existing pipe 
inventory. 

• A hinged pressure door for insertion and access to the magnetizer and data recording 
equipment. 

• Two rods for pulling the magnetizer and data recording equipment in either direction. 
• Rod seals to hold pressure as the equipment is pulled.  These seals are commonly used in 

oil well pumping operations. 
• A pressure relief valve to prevent over pressurizing.  This was required to adequately 

address safety concerns. 
 
After each increment of dent depth, the MFL inspection pig was pulled from one end of the pipe 
sample and back to the return position.  During the pulling of the pig, leakage in the rod seals 
would cause a drop in internal pressure in the pipe.  Lubricating the rod with light oil reduced 
wear on the seal, minimizing pressure losses to less than 5 psi or 1 percent on each pull. 
 
Three indenters were used to dent the pipe.  Each indenter was made from a non-ferromagnetic 
300 series stainless steel.  Each shaft was 6 inches long to keep the ferromagnetic hydraulic 
actuator sufficiently away from the pipe to minimize interference with the flux leakage 
inspection equipment.  Figure 3-23 shows a spherical indenter made from 1.5-inch diameter rod, 
photographed during the denting process.  Figure 3-24 shows the two longer indenters.  The 
radius of the rounded indenter matches the spherical indenter radius of 0.75 inches.  The sharp 
indenter is rounded to a radius of 0.125 inches to provide a more concentrated load, but avoid 
piercing.  The length of the long rounded indenter and the long sharp indenter is 4.5 inches.  The 
shape changes were chosen to facilitate comparison of results.  For the spherical and long 
rounded indenter, the radius is the same but the contact shape is changed from a sphere to a 
cylinder.  For the two longer indenters, the length was the same, but the contact shape is changed 
from gradual to abrupt.  
 



 

 

600 PSI Nitrogen Supply

10 Dent Locations
Spaced 3 feet Apart

Flange

 50

tal denting 
and rebounding. 

Figure 3-22.  Pressurized pull rig for acquisition of MFL data during incremen
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Figure 3-23.  The spherical indenter, made from a non-ferromagnetic material, 

photographed while holding a 2 percent dent.   
Note the connections for the two linear cable extension transducers. 

 

 
Figure 3-24.  Diagram of two other indenters used in incremental denting and data 

recording experiments.  
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xial MFL Tool 

The axial MFL test bed vehicle was used to collect the data after each denting increment.  The 
single directional cups were exchanged for bidirectional disks.  Because of excessive drag 
concerns, the battery module was omitted. An external battery was used to provide power to the 
data recorder and Hall effect sensors.  This electrical power was fed through the pressure door.  
A cable connected the pig to the feed though connector.  The MFL test bed vehicle required 
modifications to work under pressurized conditions.  Even though the data-recording module is 
contained in a pressure vessel, small leaks at the electrical connections did cause pressurization 
of the unit.  Any pressure sensitive components such as capacitors were replaced.  Since there 
were many sources of electrical energy outside the pressure vessel that could introduce an 
ignition spark, the pipe was pressurized with nitrogen for safety. 

Plain Dent Defects 

A total of 10 defects were made with three indenters at two magnetization levels, as shown in 
Table 3-5. 

 

A

# Indenter Magnetization Comment 
Calibration 
Dent R01 

Spherical High Good data  

Calibration 
Dent R02 

Long Cylindrical High 50 psi Pressure drop 

R03 Spherical High 100 psi Pressure drop 
R04 Long Wedge High Good data   
R05 Long Cylindrical High Good data   
R06 Spherical Low Good data   
R07 Long Cylindrical Low Good data   
R08 Long Wedge Low Good data   
R09 Long Cylindrical Low Sensor noise problem 
R10 Long Wedge Low Sensor noise problem 

Table 3-5. Incremental dent defects  
 
The MFL pig was configured for high magnetization, nominally 150 oersted, for the first set of 
tests; then magnets were removed and shunts to reduce magnetic field were installed to produce 
a low magnetic field, nominally 70 oersted.  The six runs provided quality data with no variables.  
The pressure drops in the second and third runs may have reduced stress effect and rerounding 
extent; these were used only for general comparisons.  During the last two defect installations, a 
sensor appeared to short circuit, causing noise in neighboring sensors serviced by the sample 
analog to digital converter.  The noise appeared as an offset greater than the largest defect signal.  

signals were used for verification of res
 
Table 3-6 shows the final dimensions of the dents used for the primary comparisons of the high 
and low magnetization signals.  Since dents do not have distinct start and end points, 

The noise was not continuous, and many signals were noise free. When the noise was absent, the 
ults.  
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measurements can be subjective; the length measurements for defect 5 are illustrated in Figure 3-
18.  The total length and width were defined by a 0.025-inch departure from the nominal shape 
of the pipe.  The reround lengths were defined by a more abrupt departure from the nominal 
shape of the pipe.  The surface length is the length that the indenter was in hard contact with the 
pipe. Because of irregularities of the pipe shape itself, the accuracy of the length and width 
measurements is ±0.5 inch and the accuracy of the depth measurement is ±0.010 inch.   
 

Dent Dimension (inches) 

# Indenter Signal 
Total 

Length 
Reround 
Length 

Surface 
Length Width Depth 

% W.T. 
Depth 

R01 Spherical High 6.5 3.5 1.5 5.0 0.290 1.21% 

R02 Long Cylindrical High 12.0 8.5 4.5 6.0 0.200 0.83% 

R03 Spherical High 6.5 3.5 1.5 5.0 0.290 1.21% 

R04 Long Wedge High 13.5 9.5 4.5 5.5 0.200 0.83% 

R05 Long Cylindrical High 12.0 8.5 4.5 6.0 0.200 0.83% 

R06 Spherical Low 7.5 4.3 1.5 5.0 0.290 1.21% 

R07 Long Cylindrical Low 12.0 8.5 4.5 6.5 0.180 0.75% 

R08 Long Wedge Low 14.5 10.5 4.5 6.5 0.230 0.96% 

R09 Long Cylindrical Low 12.0 8.5 4.5 6.5 0.180 0.75% 

R10 Long Wedge Low 14.5 10.5 4.5 6.5 0.230 0.96% 

Table 3-6.   Dimensions of the dents used for the primary comparisons of the high and 
low magnetization signals. 

Figure 3-25.  Dent length measurements for the long cylindrical indenter. 
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Figure 3-26.  24 inch Mechanical Damage Pipe Sample 1 Defect Map
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Mechanical Damage Pipe Sample 2 Defect Photos 
 

  
Figure 3-27. Calibration Defect R01 

 

  
Figure 3-28. Calibration Defect R02 



 

 
Figure 3-29. Defect R03 

 

  
Figure 3-30. Defect R04 
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Figure 3-31. Defect R05 

 

 
Figure 3-32. Defect R06 
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Figure 3-33. Defect R07 

 

  
Figure 3-34. Defect R08 
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Figure 3-35. Defect R09 

 

  
Figure 3-36. Defect R10 
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Figure 3-37. Blank R11 

 62



 

 63

SECTION 4. SCC INSPECTION TECHNOLOGY 
ASSESSMENT 

INTRODUCTION 
The focus of the SCC assessment projects is developing ultrasonic technologies that can work in 
natural gas pipelines.  Crack detection technology for liquid pipelines is already commercially 
available.  However, transmitting ultrasonic energy into and out of the pipe without the use of a 
liquid coupling agent is necessary for the practical inspection of natural gas transmission 
pipelines.  Stress corrosion cracks are more common in larger diameter pipelines because typical 
operating pressures produce sufficient stress in the pipe wall to initiate and grow cracks.  From 
an inspection technology viewpoint, the sensors have a relatively large footprint.  A typical 
sensor footprint, without engineerin on the order of 10 m (4 inches) 

er quarter.  Pipe samples also appe ble in larger diameter pipes.  
ractical and implementation reasons, the capability of SCC detection 

technology is initially focused on pipe diameters greater than 24 inches. 
 
The Pipeline Simulation Facility has available a large number of SCC defects in 30 inch 
diameter pipe.  One of the technology developers has already used pipe samples at the Pipeline 
Simulation Facility.  These pipe samples were not part of the test.  The external coating on the 
pipe itself is a significant variable and therefore only pipe without coating was made available 
for the demonstration.   
 
The report sections below discuss the demonstration plan for the SCC inspection tool and 
provides an “answer key” (Table 4-1) for the data sheets filled out by the SCC inspection tool 
developer during the demonstration.  Additional information and photographs are provided in 
Figures 4-1 through 4-15 which show the magnetic particle maps and the locations and lengths 
of the natural SCC defects.   

30-INCH STRESS CORROSION CRACK DEMONSTRATION PLAN   
The test plan for the 30-inch stress corrosion crack test configuration is as follows: 

1. The technology(s) to be benchmarked will include: 
1.1. ORNL: Strain measurement tool 

2. Total length of the pipe sample will be 80 (TBD) feet 

3. The pipe will be 30-inch outside diameter 

4. The test sample will be comprised of one pipe: 
4.1. Pipe 1 specifications are as follows: 

4.1.1. The length will be up to 20 (TBD) feet of seam welded pipe 

g to make them smaller, is 
ar to be more readily availa

 c
p
Therefore, for these p
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4.1.2. The nominal wall thickness will be 0.343 inches 
4.1.3. The pipe will contain 10 (TBD) stress corrosion crack colonies  
4.1.4. Up to 3 notches will be available for calibration 
4.1.5. The pipe will not have an external coating 
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Table 4-1 (cont). 30 inch SCC Inspection Technology Data Sheet “Answer Key” 



 

 Table 4-1 (cont). 30 inch SCC Inspection Technology Data Sheet “Answer Key”
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 Figure 4-1. SCC Pipe 1093 Data 
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Figure 4-1 (cont). SCC Pipe 1093 Data 
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 Figure 4-1 (cont). SCC Pipe 1093 Data 
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Figure 4-2. Diagram of SCC Pipe 1093



 

 Table 4-2. SCC Pipe 1093 Data 
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Pipe 1093 SCC Defect Photos 
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Pipe 1093 SCC Defect Photos 

  
Figure 4-3. Defect SCC 6 (1 & 2) 

 
 Figure 4-4. Defect SCC 15 (3) 
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Figure 4-5. Defect not used (5) 

 

 
Figure 4-6. Defect SCC 14 (6) 



 

  
Figure 4-7. Defect SCC 3 (7) 

 

  
Figure 4-8. Defect SCC 2 (8) 
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 Figure 4-9. Defect SCC 13 (9) 

  
Figure 4-10. Defect not used (10)
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 F  igure 4-11. Defect SCC 1 (11)

  
Figure 4-12. Defect SCC 1 (7)
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Figure 4-13. Defect SCC 12 (13)  

 
Figure 4-14. Defect SCC 12 (14)  
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Figure 4-15. Defect SCC 12 (15)   
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